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Structure of 5-[(2,3-Epoxy-3-methyl)butoxy]furo[3,2-g]coumarin

By IRENA WoLSKA, TERESA BOROWIAK* AND MARIAN GAWRON

Department of Crystallography, Faculty of Chemistry, Adam Mickiewicz University, Grunwaldzka 6,
60-780 Poznan, Poland
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Abstract. C;¢H,;,Os, M, = 28628, triclinic, P1, a=
8485(1), b=11054(2), c=7868(1)A, a=
10331 (1), B=9497(), y=10588(1), V=
6818 2) A%, Z=2, D,=1394Mgm~3, A(Cu Ka)
=1-54178 A, u=0-775mm™’, F(000) =300, room
temperature, R = 0-050 for 1490 observed reflections.
The furocoumarin system is not strictly planar. The
pyran ring adopts a very flattened boat confor-
mation. The orientation of the (2,3-epoxy-3-
methyl)butoxy substituent is determined by a weak
intramolecular C—H---O hydrogen bond.

Introduction. Coumarin compounds have a wide
spectrum of biological activity including antithrom-
botic effects, vasodilating effects on coronary vessels,
a tonic influence on capillary blood vessels, reduction
in blood pressure, and antispastic and photosensitiz-
ing effects. The mechanism of coumarin biological
activity is, in most cases, unknown.

* To whom correspondence should be addressed.
0108-2701/90/112146-03$03.00

This paper presents results of a structural study of
5-[(2,3-epoxy-3-methyl)butoxy]furo[3,2-glcoumarin
(oxypeucedanin), a compound extracted from the
roots and fruits of Angelica archangelica L. and
Angelica silvestris L. (Cisowski, 1986), and is part of
a systematic study of coumarins and flavonoids
extracted from plants of the Umbelliferae family.

Experimental. Poor-quality single crystals were
grown, with great difficulty, by slow evaporation
from acetone; crystal system and approximate cell
dimensions were determined from oscillation and
Weissenberg photographs; crystal specimen 0-35 x
0-20 x 0-05 mm; Syntex P2, four-circle diffractom-
eter, graphite-monochromated Cu Ka radiation,
6-26 scan mode, background and intensity of reflec-
tions determined by peak-profile analysis (Lehmann
& Larsen, 1974; Jaskolski, 1982); accurate cell
parameters refined from setting angles of 15 reflec-
tions with 29-7 <26 < 45-0°, maximum (sing/A) =
0-509A~", 0<sh<10, —13<k=<13, —10</=<10,

© 1990 International Union of Crystallography
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Table 1. Final fractional coordinates and equivalent
isotropic thermal parameters (A?)

Ug = %(Unuzzun)-

x y z Ueq
o(1) —0-3254 (2) 0-0362 (2) 0-8949 (2) 0-0500 (7)
C(2) —0-3598 (3) —0-0143 (3) 0-7139 (4) 0-049 (1)
C(3) —0-2227 (3) 0-0119 (3) 0-6189 (4) 0-048 (1)
C@4) —0-0682 (3) 0-0758 (3) 0-7022 (3) 0043 (1)
C(5) 0-1292 (3) 01902 (2) 0-9838 (3) 0-0423 (9)
C(6) 0-1525 (3) 0-2355 (3) 1-1687 (3) 00456 (9)
(7N 0-0094 (3) 0-2124 (3) 1-2487 (3) 0-050 (1)
C(8) —0-1500 (4) 0-1477 (3) 1-1652 (4) 0-051 (1)
C(9) =0-1667 (3) 0-1039 (3) 0-9844 (4) 0-0448 (9)
C(10) =0-0319 (3) 01231 (2) 0-8917 (3) 00395 (9)
c(in) 02879 (4) 03046 (3) 13144 (4) 0055 (1)
C(12) 0-2203 (4) 0-3171 (3) 1-4607 (4) 0-060 (1)
o(13) 00509 (3) 02628 (2) 14288 (2) 0-0602 (8)
0O(14) 0-2488 (2) 0-2050 (2) 0-8794 (2) 0-0492 (7)
C(15) 0-4213 (3) 0-2588 (4) 0-9549 (4) 0-051 (1)
C(16) 0-5126 (3) 0-2832 (3) 0-8078 (4) 0-050 (1)
o(17) 0-5303 (2) 04101 (2) 0-7750 (3) 00590 (8)
C(18) 0-6780 (3) 0-3783 (3) 0-8366 (4) 0048 (1)
C(19) 0-7869 (4) 0-3629 (3) 0-6972 (5) 0-068 (1)
C(20) 0-7668 (4) 0-4571 (3) 10161 (4) 0-058 (1)
0oQl1) —0-5031 (2) —-00773 (2) 0-6521 (3) 0-0611 (9)

Table 2. Bond lengths (A) and bond angles (°) with
e.s.d.’s in parentheses

o(1)—C(2) 1:378 (3) C(7—0(13) 11373 3)
o(1)—C(9) 1:382 (3) C(8—C(9) 1-373 (4)
C2—C3) 1-436 (4) C(9)—C(10) 1-403 (4)
C(2—0(21) 1216 (3) C(11y—C(12) 1-326 (5)
C(3)—C(4) 1333 (3) C(12)—0(13) 1:373 (4)
C(4)—C(10) 1-437 (3) O(14y—C(15) 1-435 (3)
C(5—C(6) 1-402 (3) C(15—C(16) 1-482 (5)
C(5)—C(10) 1-404 (3) C(16)—0(17) 1-454 (4)
C(5)—0(14) 1-359 (3) C(16)—C(18) 1-468 (3)
C(6—C(7) 1-404 (4) O(17)—C(18) 1-464 (4)
C(6)—C(11) 1451 (3) C(18)—C(19) 1:504 (5)
C(7)—C(@®) 1368 (4) C(18)—C(20) 1-488 (4)
C(2—0(1)—CO) 1227 (2) C5—C(10—C() 1200 (2)
o(1)—C(2—0R1l) 1163 (3) CE—C10—C®)  1172(2)
O(1)—C(2)—C(3) 1167 (3) C@—C(10—C(5) 1228 (2)
C3)—CQ—0oQl)  1270(3) C(6—C(11)—C(12) 1065 (3)
C(2)—C(3)—C(4) 1217 (3) C(11)—C(12)—0(13) 1130 (3)
C(3y—C@4)—C(10) 1212 (3) C(—0(13)—C(12) 1056 (2)
C10—C(5—0(14) 1146 (2) C(5—0(14—C(15) 1211 (2)
C6—C(5y—0(14) 1265 (2) O(14)—C(15—C(16) 1064 (3)
C(6)—C(5—C(10) 1189 (2) C(15—C(16)—C(18) 122:6 (3)
C(5—CE)—C(11) 1386 (3) C(15—C(16)—0(17) 1149 (3)
C(5—C(6)—C(7) 1166 (2) O(17)—C(16)—C(18)  60-1 (2)
C(7—C(6)—C(11) 1048 (2) C(16)—0(17)—C(18) 604 (2)
C(6)—C(7)—0(13)  110-1 (3) C(16)—C(18)—0(17)  59:5(2)
C(6)—C(1—C(®) 1267 (2) O(17)—C(18)—C(20) 1152 (3)
CE—C(7—0(13) 1231 (3) O(17)—C(18)—C(19) 112:5(3)
C(7—C@#)—C() 1146 (3) C(16)—C(18)—C(20) 122:3 (3)
O(1)—C(9)—C(8) 116:6 (3) C(16)—C(18)—C(19) 1187 (3)
CB—CO—C(10) 1231 (3) C(19)—C(18)—C(20) 1152 (3)
O(1)—C(9)—C(10) 1203 (2)

two standard reflections measured after every 100
reflections; no variation in intensity. 1791 unique
reflections measured, 1490 considered as observed [/
= 20(l)]. Lp correction but no absorption correc-
tion. Structure solved by direct methods with
MULTANT8 (Main, Hull, Lessinger, Germain,
Declercq & Woolfson, 1978); the best set of phases

2147

enabled location of 20 out of 21 non-H atoms. After
three cycles of isotropic and subsequent anisotropic
least-squares refinement, a difference synthesis was
calculated and the position of the missing C(15)
atom found.

Structure refined by full-matrix least squares with
SHELX76 (Sheldrick, 1976), function minimized
Sw(F| = |FE)?,  w™'=0o%F,)+00002F?, o(F)
based on counting statistics. Non-H atoms refined
anisotropically, all H atoms placed at their theo-
retical positions and then refined isotropically with
the exception of the H atoms of the methyl groups.
These were located from a difference synthesis and
not refined. Empirical isotropic extinction parameter
x used to correct F, according to F = F(1 — xE>?/
sin@); x converged at 11 (4) x 10~7. Final R = 0-050,
WR = 0066, S = 3-12, (4/0)max = 0-005 in final cycle;
largest peak in final AF map 0-19, largest hole
—0-17e A~3; total number of refined parameters
223; atomic scattering factors were those incorpo-
rated in SHELX76. The other computer programs
used were: ORTEP (Johnson, 1976), PLUTO78
(Motherwell & Clegg, 1978) and PARST (Nardelli,
1983).

Discussion. Final positional parameters and U,
values for non-H atoms are given in Table 1.* Fig. 1
shows a perspective view of the molecule; bond
lengths and bond angles are listed in Table 2.

* Lists of structure factors, anisotropic thermal parameters,
torsion angles, H-atom parameters, bond lengths and angles
involving H atoms and least-squares-planes data have been depos-
ited with the British Library Document Supply Centre as Supple-
mentary Publication No. SUP 52997 (17 pp.). Copies may be
obtained through The Technical Editor, International Union of
Crystallography, 5 Abbey Square, Chester CHI 2HU, England.

Fig. 1. A perspective view of the molecule.
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Table 3. Details of intermolecular hydrogen bonds

C@)-0(13) 3347 A
C(4)—H(@41) 098 (3) A
H(41)-0(13) 273 (3) A

C(12)-0(175 3211 4) A
C(12)—H(121) 0-89 (3) A
H(121)--0O(17% 247 (3) A
C@)—H(@41)--0(13) C(12)-H(121)~-0(17%) 141 (3)°

Symmetry codes: (i) x, y, z—1; (i) x, y, z + 1.

121 (2)°

Fig. 2. The molecular packing.

Fig. 3. Projection on the molecular plane of two furocoumarin
moieties.

The furocoumarin atoms are nearly coplanar as in
other furocoumarin derivatives (see e.g. Bideau,
Bravic & Desvergne, 1979; Bravic & Bideau, 1978;
Dall’Acqua, Benetollo & Bombieri, 1981). The devia-
tions from the mean plane of the three rings range
from —0037(3) to 0032(2)A, indicating a
reasonably planar system. Two bonds in the hetero-
cyclic rings [C(3)—C(4) and C(11)—C(12)] are dis-
tinctly double bonded in character with lengths of

Ci6H140s

1:333(3) and 1-326 (5) A, respectively. The confor-
mation around the C(15)—C(16) bond is staggered
and the three-membered ring makes a dihedral angle
with the furan ring of 97-8 (2)°; the torsion angle
0O(14)—C(15)—C(16)—0(17) is 87-9 (3)°. The O(14)
atom is involved in a weak intramolecular hydrogen
bond, C(4)—H(41)---O(14), with parameters as fol-
lows: C(4)---O(14) 2-748 (3), C(4)—H(41) 0-98 (3),
H(@41)--0(14) 242A and C@)—H(41)--0(14)
98 (2)°. Crystal cohesion is maintained mainly by the
weak intermolecular hydrogen bonds C—H:--O
(Table 3, Fig. 2) which connect the molecules into
infinite ribbons along the ¢ axis. Moreover, two
adjacent ribbons are oriented in such a way that their
furocoumarin moieties are connected via m donor—
acceptor interactions perpendicular to the molecular
planes, thus forming dimers with an interplanar dis-
tance of 3-41 (2) A (Fig. 3). Owing to the hindering
effect of the (2,3-epoxy-3-methyl)butoxy substituent,
infinite stacks of parallel and overlapping molecules
cannot be formed; this contrasts with the crystal
structures of furo[3,2-g]lcoumarin (Bideau, Bravic &
Desvergne, 1979), 3-ethoxycarbonylfuro[3,2-f]cou-
marin (Bravic & Bideau, 1978) and 8-
methoxyfuro[3,2-glcoumarin (Dall’Acqua, Benetollo
& Bombieri, 1981) in which such stacking was
observed.

The authors express thanks to Dr W. Cisowski for
providing the compound. The research was sup-
ported by project No. RP.11.13.2.16.
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